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PROCESS FOR PREPARATION OF /?-LACTAMS 
TECHNICAL FIELD 

This invention relares rc a process for the 
preparation of S-iactam derivatives by enzvTTiatic acylation of 
5 the parenr airdno /^-lactam with an acylating agenr , The amine 
S-lactam may be 6-aminopenicillanic acid {6-APk] , 7-aminodes- 
* acetoxycephalosporanic acid (7-ADCA) , 7-aminocephalosporanic 
acid (7-ACA) or 7-amino-3-chloro-3-cephem-4-carboxylace and 
rhe acylating agent may be a derivative of D-pheny Iglycme or 
:g D-2-hydroxyphenylglycine . 

BACKGROUND ART 

Today, semisynthetic J3-lactams such as Ampicillin, 
Amoxicillin, Cefaclor, Cephalexin, Cephadroxil and 

Cephaloglycin are prepared in industry by chemical methods, 

15 for example by reacting an amino /5-lactam such as 6-aminc- 
penicillanic acid, usually having its carboxyl group 
protected, with an activated side chain derivative, followed 
by the removal of the protecting group by hydrolysis. It is 
important due to, for example, yield, thar the amino fS- 

2c lactam, for example 6-APA, is used in a pure, dry forr. , 
preferably in a purity higher than 97%. For example, 
Ampicillin ( 6-D-o:-aminophenylacetamidopenicillanic acid) can 
be prepared by reacting 6-APA, having a suirable prorected 
carboxyl group, with D-pheny Iglycine acidchlor ide , followed 

25 by removal of the protecting group by hydrolysis. These 
reactions typically involve costly steps such as sub zero 
degree Celcius conditions and organic solvents like m.erhylene 
chloride and silylation reagents. 

Enzymatic production of Ampicillin from pure 6-AFA 

3c and a D-phenylglycine derivative (such as a lower alkyl 
ester) is known from West German patent application having 
publication No. 2,163,792, Austrian Patent No. 24 3,986, Dutch 


patenr application Nc . 70-09138, West German parenr 
application having publication No. 2,621,618 and European 
patent application having publication No. 339,751. Processes 
described in the prior art have typically used below 50 mlA of 
5 the D-phenylglycine derivative and below 25 -nl-'i of 6-APA, the 
highest yield reported was 88% (European patent application 
having publication No. 339,751). 

The amino /3-lactain such as 6-APA is coromonly 
produced by enzymatic hydrolysis of a fermented penicillin 
10 (for example penicillin V or penicillin G) followed by 
removal of the liberated side chain (phenoxyacetic acid 
etc.). Besides impurities originating from the fermentation, 
the resulting crude solution typically contains the amino 
lactam at a concentration of 150 - 200 mM. The crude solution 
15 can be purified and crystallized to obtain pure b-A^A or 7- 
ADCA (in the 7-ADCA case, the fermented penicillin have been 
through another process before the hydrolysis step) . 

The potential drawbacks of the known enzymatic 
methods for production of Ampicillin, Amoxicillin and 
20 Cephalexin (none have yet been upscaled to industrial 
applicability) are the high costs (yield losses) and 
investments due to the necessary unit operations incurred 
when the amino /3-lactam is isolated, purified and dried 
before being used as raw material for the reaction leading ro 
25 a semisynthetic /3-lacram. Furthermore, the starting 
concentrations of the 6-APA are very low (typically less than 
50 mM) , thus making the isolation of the formed Ampicillin 
more difficult and thus more costly. Also, a higher yield in 
the enzymatic formation of Ampicillin is desirable. 
3c A process for enzymatic synthesis of Amoxicillin is 

described in A gr ic . Biol . Chem . 44 (1980), 821 et seq ., which 
process is performed in a reaction medium containing 2.5% 
(volume/volume) or more of 2-propanol and 5% (volume/volume) 
of other alcohols. When one of the last mentioned alcohols or 
35 2.5% of 2-propanol are used, the initial concentration of the 
starting materials, D-a- (p-hydroxyphenyl) glycine methyl esrer 
and 6-aminopenicillanic acid, is very low, i^e^ 100 and 50 


itlM, respectively. When 5% of 2-propanol is used, the mirial 
concentration of rhe starting materials, D-a- (^-hydroxy- 
phenyl ) glycine methyl ester and G-aminopenicillanic acid/ is 
460 and 230 rrJ^l , respectively. It is srared m rhis paper rhar 
5 the addirion of r^cre than ICO ir^ of D-cr- ( c-hydrcxypheny 1 ; - 
glycine nethyl esrer and of more than 5 0 tt-M of 6-amino- 
penicillanic acid markedly suppressed the ration cf 
conversion of 6-aminopenicillanic acid into amoxicillin. The 
conclusion of this statement is that this publicaricn reaches 
away for increasing the concentration cf rhe ammo c-lacnam 
and of the acylating agent in the reaction miixrure . 

After the effective f il ing date of the appl ication 
for a patent on this invenrion , namely IS - 2 1 September 
1990, a poster was published at a NATO Workshop. The poster 

15 deal" with tne preparation of cepnalospcnns aiiu., ci(>_;u:ui:uxiiu 
to this poster, working at low temperature had several 
positive effects on the reaction. The highest concentration 
of acylating agent used by this work was 355 mM of D-a- 
phenylglycine methyl ester and there was no indication on the 

20 poster according to which ir could be advantageous to use a 
higher concentration of the acylating agent. 

STATEMENT OF THIS INVENTION 

It has now, surprisingly, been found that the yield 
in the enzymatic preparation of /?-lact:am derivatives can be 

25 improved by carrying out the reaction at high concentrations 
cf the acylating agent: , 

Herein the terms amiino /5-lactam., acylating agenr 
and 5-lactam. derivative cover the two starring materials, 
respectively , and the resulting producr relar mg ro the 

3c process of this invention . Hence , the process of this 
invention can be illustrated by the following reacrion 
scheme ; 

amino /:-lactam ^ acylating agent - j-lactam derivative 


The /?-lactarr. derivative has a substantially higher antibiotic 
activity than the amine p-lactair.. The arp.inc ,Z5-lacrair. has a 
free amino group which is acylated by the reaction according 
to this invention. The acylating agent nay be in the free 
acid forri or may be in an activated forr. such as amides or 
esters. Herein the term /^-lactam nucleus ccmLprises both the 
amino /?-lacrami and the ^-lactam derivative. The concentration 
of /5-lactam nucleus stated hereinafter is thus the 
concentration of amino ;S-lactam plus the concentration of /3- 
lactam derivative. 

It is an important feature of the process of this 
invention that the concentration of the acylating agent plus 
the concentration of the p-lactam derivative in the reacricn 
mixture is above 400 mM. One way of obtaining this 

batchwise process, the acylating agent to the reaction 
mixture in an amount sufficient to give an initial 
concentration of the acylating agent in the reaction mixture 
of more than about 400 mM. 

By the process of this invention, it is possible 
and attractive to use a crude solution of the amino /^-lactam, 
for example 6-APA or 7-ADCA, without dilution. Loss of the 
amino /5-lactam, for example 6-APA or 7-ADCA, during purifi- 
cation and/or isolation steps is thus avoided, and 
investments in purification equipment for, for example, 
Ampicillin, Amoxicillin and Cephalexin are thus mmim.ized as 
purification equipment former used for isolation of 6-APA now 
can be used for isolation of Ampicillm, Amtoxicillm and 
Cephalexin . 

Advantageously, the high yield according to this 
invention can be obtained without the need for low- 
temperatures and organic solvents as methylene chloride. 
Thus, 96% yield of Ampicillin was obtained at 20''C. 

Accordingly, this invention provides a process for 
enzymatic reaction of an amino B-lactam, for example, 6- 
aminopenicillanic acid , 7 -aminodesacetoxycephalosporanic 
acid, 7-aminocephalosporanic acid or 7-amino-3-chloro-3- 
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cepher.-4 -carboxy late ; with an acylaring agenr, fcr example, a 
derivarive of D-phenylglycine or D-p-hydroxypheny Iglycme . 

In one aspect, this process is characrer izec m 
thar the concentration of the starting ammo o-lactam in the 
: reaction mixture is in the range froiri about 5C to about 75C 
mM, preferably above about 100 mM, more preferred above about 
150 FlM, most preferred above about 200 mN . In another aspect, 
this process is characterized in that the initial 
concentration of the starting amino /5-lactam in the reaction 

:c mixture is in the range fromi about 5 0 to about 75C rcy. , 
preferably above about 100 ruM, more preferred above about 150 
mM, most preferred above about 200 miM . In a still further 
aspect, this process is characterized in that the initial 
amount of the acylating agent, for example, the D-phenyl- 

15 glycine or D-e-hydroxypheny Iglycine derivative, in the 
reaction mixture is above the solubility of said agent in the 
reaction mixture (preferably at least 50% above the 
solubility) ; or the initial amount of the acylating agent in 
the reaction mixture is above half of the solubility of said 

20 acylating agent plus the initial amount of the amino ;9-lactam 
in the reaction mixture (preferably above the solubility of 
the acylating agent in the reaction m.ixture + the initial 
amount of the amino /3-lactam) . In a still further aspect, 
this invention relates to a process whereby the concentrat icn 

25 of acylating agent plus the concentration of /^-lactam 
derivative in the reaction mixture is above about 450 rvy., 
preferably above about 500 mK , more preferred above about 650 
mM, even more preferred above about 700 rr^l) . In an additional 
aspect, this invention relates to a process whereby the 

30 initial concentration of acylating agent in the reaction 
mixture is above about 450 mM, preferably above about 500 r^^l, 
more preferred above about 650 mM, even more preferred above 
about 700 mlA, 

The advantages of this invention are, inter alia , 
35 as f ol lows : 

1) The use of an organic solvent such as m.ethylene 
chloride is omitted which avoids polution. 
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2) The use of silylating agents is avoided. 

3) The use of extraction at low temperarure such as 

0°C can be omitted, 

4) The high concentration of reacrants is an 
5 advantage for the following purification. 

5) The resulting /3-lactain derivative has a high 
purity not yet seen on the coimercial bulk market. 

6) The content of byproducts in the reaction 

mixture is very low. 
c 7) Compared with the chemical synrhesis, fewer 

steps are used. 


DETAILED DESCRIPTION OF THIS INVENTION 

Examples of ;3-lactam derivatives that may be 
produced by the process of this invention are Ampicillin, 
15 Amoxicillin, Cefaclor, Cephalexin, Cephadroxil. 

The acylating agent may be a derivative of D- 
phenylglycine or D-p-hydroxyphenylglycLne such as a lower 
alkyl (methyl, ethyl, n-propyl or isopropyl) ester or an 
amide which is unsubst ituted in the -CONK2 group. The amide 
20 is preferred. The derivative may be used in the form of a 
salt, for example, the HCl salt or the H2SO4 salt. The 
acylating agent may be added in an active form or the active 
form may be formed in situ . 

The enzyme to be used in the process of this 
25 invention may be any enzyme catalyzing the reaction m 
question. Such enzymes have been known since around 19 66. 
Enzymes to be used are, for example, termed penicillin 
amidase or penicillin acylase and classified as E.C. 
3,5.1.11. A number of microbial enzymes are known to have 
30 this activity, derived from for example Acetobacter , Xan- 
thomonas, Mvcoolana . Protaminobacter , Aeromonas (West German 
patent application having publication No. 2,163,792) 
Pseudom.onas (Austrian Parent No. 243986), Flavobacrerium 
(Dutch patent application No. 70-09138), Achanocladium , 


Cephalosporiuri (West: German parenr applicarion havir.a 
publication No. 2,621,613), Acer cbacter casreur lanun-. . 
Bacillus meaatieriuni , Xanthoirionas citr ii (European patent 
application having publication No. 339,751), Kluvvera 

: cirrochila ( Aar . Biol . Cher. . 37 (1S73), 279': - 2804) and 
Escherichia ccli (West German patent applicaricn having 
publication No. 2,930,794). The Escherichia coli enzyme is 
conunercially available. The enzyme also may be a so-called 

. ampicillin hydrolase, acylase or amidase. In this connection, 
:c reference is, inter alia , made to Hakkc to Kcavc 3S (1980), 
216 et sea . , the content of which is incorporated by 
reference . 

It is preferred to use the enzyme in a reuse able 
form, for example, in entrapped or immobilized form. 
15 Immobilization may be done by any known method. Immobilized 
Escherichia coli enzyme is commercially available from 
Boehringer Mannheim GmbH, Germany, under the trade name 
Enzygel . 

The process of this invention is generally carried 

20 out in a system containing water. If desired, an organic 
solvent may be added. 

The solubility of the acylating agent such as the 
D-phenylglycine or D-p-hydroxypheny Iglycine derivative will 
vary with the identity of the derivative and with the 

25 composition of the reaction medium. . In an aqueous system^ as 
used in the examples, the solubility of the HCl salt of r.~ 
phenylglycine amide is typically apprcximarely 450 mJ-:. 
However, the solubility is very dependent on the salt 
components in the solution , as well as on the pH value and 

3c the temperature of the solution. In some em.bodiments of the 
process of this invention, the initial reaction m.ixture is a 
slurry containing undissolved acylating agent and/or 
lactam, which will dissolve partly or fully during the course 
of the reaction. The /^-lactam, formed may precipitate during 

35 the reaction and, also, the hydrolysis products of the 
acylating agent such as D-phenylglycine and D-p-hydroxy- 


s 

phenylglycine , may precipirate. Hence, ir inany cases the 
reacrion -ixvAire will be a slurry tnroughcut the reaction. 

The amino /3-lactair., for exairiple 6-APA or 7-ADCA; 
used in the process of this invention nay be obtained by 
5 enzy-r.atic hydrolysis cf the fennented penicillins or 
cephalosporins, (for example penicillin V, penicillin G or 
cephalosporin C) or their ring enlarged analogues (for 
example V-DCA and G-DCA) or derivatives thereof followed by 
removal of the hydrolysis byproduct, if desired 
:c (phenoxyacetic acid etc.)- Advantageously, the crude solution 
can be used directly without further purification or 
dilution . 

Generally, the reaction temperature of the process 
of this invention may vary between about 0°C and about 35 °C, 

15 especially between about 10 °C and about 30 °C. Temperatures in 
the range about 20 - 30 ''C may be preferred for convenient 
operation. The suitable pH value depends on the type and 
purity of enzyme. Using Escherichia coli enzyme, the pH value 
is typically in the range from about 5.5 through about 7.5, 

20 preferably in the range from about 6.1 through about 7. For 
the preparation of Amoxicillin, a pK value in the range from 
about 5.5 through about 6.4 is preferred. Control of the pH 
value may be used. Suitable reaction times are from several 
minutes to several hours, in particular from about 1/2 hour 

25 Ud about 8 hours. Suitable enzyme concentrations may be from 
about 1 U/ml to about 100 U/m.l (1 U = one unit of enzyme 
activity, see below) . 

Using the process according to this invention, 
extraordinary high yields can be obtained. The high yields 

50 are obtained using the teachings of this invention and 
properly selecting the concentration of the acylating agent, 
the ratio between the concentration of acylating agent and 
the starting amino ^-lactam, the pH value and the enzyme. 

Recovery and purification of the product can be 

35 achieved by methods known per se . for example by crystal- 
lisation . 
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DEFINITIONS and METHODS of ANALYSIS 

Enzyirie activity 

As definition or penicillin G acylase activity the 
follcwing is used: one unit (U) corresponds to the amoun:: of 
5 enzyme that hydrolyses per minute 1 ^mole penicillin G under 
standard conditions (5% penicillin G, C.2 M sodium phosphate 
buffer, pH value 8.0, 28''C). 

HPLC analysis of reaction components: 

Column: RP LC-18, (250 x 4,6 mm; 5um) 

ic Eluent A: 25 rJ^I Phosphate buffer ^ pH value 6.5 

Eluent B: acetcnitrile 


Gradient 


Time , eluent B , 

minutes % 


15 0-10 1-20 

10 - 20 20 


Flow: 1 ml/min. Detection: 215 nm. 

Retention times in minutes: 4,1 (D-PG); 6.3 (7-ADCA); 8.1 (6- 

APA) ; 9.1 (D-PGA) ; 13.4 (Cephalexin); 13.9 ( Ampic il 1 in ) ; 18 
20 (D-PGM) . 

HPLC analysis of Amoxicillin. 

Column: RP LC-IS , 5 /im, (250 x 4.6 mm) 

Solvent: 5% acetonitrile in 25 mM phosphate buffer, pH value: 
6.5. Flow: 1 ml/min. UV-detection at 215 nm. 

25 Retention times in minutes: 2.5 ( D- o-hydroxyphenylglycine ) ; 
3.3 (HPGA) ; 5.4 ( 6-APA) ; 13.2 (Amoxicillin). 


\vu y:i/uiobi 
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This invention is further illustrated by rne 
following examples which, however, are not ro be consTirued as 
limiting the scope of protection. 


EXAMPLE 1 

5 Enzymatic synthesis of Amp icillin. 

A solution of 100 mM 6-APA and D-PGA in a 
concentration as indicated in table 1 is adjusted to pH value 
6,4 and equilibrated at 20 and 345 U soluble enzyme from 
Escherichia coli , supplied from Gesellschaft fur Biorech- 

•0 nologische Forschung GmbH, Braunschweig, Germany, is added, 
(total volume: 20 ml) . 

The synthesis is carried out at 25 and at pH-stat 
conditions. The maximum yields, based upon HPLC analysis are 
shown in table 1. 

15 Table 1. 

mM D-PGA maximum yield 

of Ampicillin, % 

270 74 
750 98 

20 EXAMPLE 2 

Enzymatic synthesis of Cepha lexin. 

Same as described in Example 1, only 100 mM 7-ADCA 
is used instead of 6-APA, Under these conditions Cephalexin 
IS obtained and the max. yields obtained at different 
25 concentrations of D-PGA-HCl are shown in table 2. 

Table 2. 

mM D-PGA 'HCl maximum yield of Cephalexin, % 


reaction time, 
hours 

9 
24 


300 
700 


65 
92 


EXAMPLE 3 

pK dependence. 

2 5C 6-APA and 70C rr.M D-PGA sulphare salt: are 

adj usred re a pH value as indicated in table 3 , and the 
enzymatic synthesis is carried our at 2C'C and pH star- 
conditions, total volume 20 ml and 7C0 U soluble enzyme from 
Escherichia coli . 

Table 3 

pH maximum yield, reaction 


10 value 


rime , 
hours 


60 43 
6.4 94 21 

7.0 93 3 


15 EXAMPLE 4 


Tem^oerature dependence 

Starting with 180 m.M 6-APA and 700 miM D-PGA at pH 
value 6.4 and 600 U soluble enzyme from. Escherichia coli 
(total volume: 2 0 m.l ) and running the synthesis ar 
20 temperatures as indicated in Table 4 , the maximal yields of 
Ampicillin obtained are shown in Table 4 . 

Table 4 

Tem.perature , maximum reaction 

yield, time, 

2' % hours 


10 95 
20 96 22 

35 60 4 
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EXAMPLE 5 


This example was perfcnaed analagously with Examp. 
i using D-PGM msread of D-FGA. The maxiir.ur. yields c 
Ampicillin obtained are as stated in Table 5. 


Table 5 


D-PGM, Ampicillin formed, reaction time, 


mN 


hours 


270 74 12 

700 86 25 


10 EXAMPLE 6 


Pen V partly purified from fermentation broth by 
filtration, extraction into butyl acetate and back into an 
aqueous phase resulting in a solution of 10 % ( weight/ volume ) 
pen V is hydroiysed by Semacylase™ (immobilised pen V 

15 acylase from Novo Nordisk A/S) at a pH value of 7.0. The 
phenoxyacetic acid is removed by extraction and to the 
resulting 6-APA (150 mM) solution, containing minor amounts 
of biproducts from degraded pen V and 6-APA, is added 4 5 U/ml 
soluble enz\-me from Escherichia coli and D-PGA (to a final 

20 concentration of 700 tvM) . The pH value is adjusted to 6 . 4 and 
the reaction is allowed tc ' proceed at 25^C keeping the pH 

value constant . 

Under these conditions a total of 135 mmole of 
Ampicillin (90%) is formed per liter of reaction volume. 


25 EXAMPLE 7 

Use of immobilized pen G acvlase from Boe hrinaer Mannheim 

500 mtg of immobilized enzym.e is suspended ad IC ml 
with water. The enzymie solution was mixed with a solution of 


V\U 92/01061 


PCT/DK91/00188 


6-APA and D-PGA to a rctal volume of 2 5 r.l the resulting 
nixture containing 230 r?^l 6-APA and 920 :rJ4 C-PGA, having pH 
value 6.4 and equilibrated at rcon temperature. The synthesis 
reacrion was allowed ro proceed ar pH sra" ccndirions for 22 
5 hours after which 91% of the 6-APA was converted ro 
Anpicillin . 

EXAMPLE 8 

Enzvmatic synthesis of Amoxicillin. 

A mixture of 968 mg 6-APA and 3718 m.g HPGA m watier is 
10 adjusted to pH 6.2 at 15'C and 1656 U soluble penicillin G 
acylase from E. coli is added to a final volum.e of 29. S ml . 
The synthesis is allowed ro proceed at constant temperature, 
using 2 M sulfuric acid to keep the pK at 6.2. After 27.3 
hours the reaction mixture contained 136.6 miM Amoxicillin, 
15 corresponding to a yield of 91% based on the 6-APA 
consumption . 


EXT^PLE 9 

Enzymatic synthesis of Amoxicillin. 


1656 U soluble penicillin G acylase from. . coli is added rc 
a m. ixture cf ^— APA and HPGA ^2 CO z?2'' and 5 2 m^-' fina^ 
concentration, respectively) in water at pH 6.0 and 30 'C. 
After reacting for 9 hours keeping the temperatiure and tdH 
constant using 2 M sulfuric acid for the titrarion, 190 mJ-l 
Amoxicillin was produced (95% yield) based on HPLC-analys is . 


EXAMPLE 10 

Enzvmatiic synthesis of Ainoxicill in . 

Starting with 150 mM 6-APA, 600 mM HPGA, 1656 U soluble 
penicillin G acylase from E. coli, 140 mM Amoxicillin (93%) 
5 was produced after 8 hours, when the reaction was carried cur 
at pH 5.7 and at 35 "C. 


EXAMPLE 11 

Enzymatic synthesis of Amoxicillin. 

Same conditions as described in example 9, using 200 mM 6-APA 
10 and 450 mM HPGA resulted in 91% conversion of the 6-APA to 
Amoxicillin after 9 hours. 

Abbreviations 

6-APA is 6-aminopenicillanic acid, 7-ADCA is 7-aminodes- 
acetoxycephalosporanic acid, D-PGA is D-pheny Iglycinamide , D- 
15 PGM is D-phenylglycin methyl ester, V-DCA is 7-phenoxy- 
acetamidodesacetoxycephalosporanic acid, G-DCA is 7-phenyl- 
acetamidodesacetoxycephalosporanic acid and HPGA is D-d- 
hydrcxyphenylglycinamide . 


CLAIMS 


A process fcr the preparation of a fl-lactam deriva- 
tive by enzymatic reacrxcn of the parent arr.mo /i-lacta.. wi^h 
the corresponding acylating agent, characterized -ha- -ne 

5 concentration of zhe acylating agenr plus rhe concenr>-a- ^^o- 
of ^.zlactam derivative in the reaction r,ixture is a.ove about 
400 nM, with the proviso that the reaction nixtura contains 
less than about 5% (volume/volume) of 2-butanoi the 
resulting /3-lactair. derivative is AmoxicilHr. a-d the 

c acylating agent is D-a- (n-hydroxyphenyl ) glyome methyl esrer. 

2. A process, according to Claim l, characterized 
tnat the initial concentration of the acylating agent in the 
reaction mSvi-Ti>-ci t _ i_ _ , 

3. A process, according to Claim l or : , characterized 
m that the reaction mixture contains less than about 2 5^ 
preferably less than about 2%, (volume/volume, of 2-butanol.°' 

4. A process, according to any one cf rhe nrecedmg 
claims. Characterized in th^t the parent ammo /F-lactam is 6- 
aminopenicillanic acid. 

5. A process, according to any of the oreceding 
Claims, characterized m that the parent ammo ^-lacran is 7- 
ammoaesacetoxycephalosporanic acid. 


. ^ process, according ro any of rhe orecedino 

c.aia.s, characterized m that the parent ammo /:-lactam is l- 
ammccephalosporanic acid 


A process, according to any of the precedina 
clair.s, characterized m that the parent ammc J-lactam is tI 
aminc-3-chloro-3-cephem-4-carboxylate. 
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3. A process, according rc any one of the preced:Lnc 

claims, characrerized m that the acylaring agent is D- 
phenylglycine or a derivative thereof. 

9. A process, according to any one of the Claims 1 - 
5 7, characterized in that the acylating agent is D-o- 

hydroxyphenylglycine or a derivative thereof. 

10. A process, according to any one of the Claims 1-4 
or 8, characrerized in thar the resulting /3-lactam derivative 
is Ampicillin. 

TO 11. A process, according to any one of the Claims 1-4 

or 9, characterized in that the resulting /5-lactam derivative 
T s Am oxicillin. 

12. A process, according to any one of the Claims 1 - 
3^ 7 or S , characterized in that the resulting /3-lactam. 

15 derivative is Cefaclor. 

13. A process, according to any one of the Claims 1 - 
3^ 5 or 8 , characterized in that the resulting /^-lactam 
derivative is Cephalexin. 

14. A process, according to any one of the Claims 1 - 
20 3 , 5 or 9 , characterized in that the resulting /3-lactam 

derivative is Cephadroxil. 

15. A process, according to any of the preceding 
claims, characterized in that the concentration of the amino 
;S-lactam in the reaction mixrure is in the range from abour 

25 50 to abour 750 mM , including undissolved amino /5-lactam. 

16. A process, according to any of the preceding 
claims, characterized in thar the initial concentration of 
the amino ^-lactam in the reaction mixture is m the range 


wo 92/01061 


frorr. abour 50 to about 750 mM, includinc undissolved air.ino /:- 
lactam . 

17. A process, according to the 

wherein the concentration of the aninc 
5 reaction mixture is above about IOC itlM. 

IS. A process, according to the preceding claim, 

wherein the concentration of the amino c-lactam in the 
reaction mixture is above about 150 mM. 

19. A process, according to any one of the preceding 
13 claims, characterized in thar the concentirat ion of the ammo 

fl-lactams in the reaction mixture is above about: 200 m!*:. 

20. A process, according to any one of the preceding 
claims, characterized in that the concentration of the 
acylating agent plus the concenrration of ;5-lactam derivative 

15 in the reaction mixture is above about 450 mJ^., and whereby, 
preferably , Amoxicillin is prepared . 

21. A process, according to any one of the preceding 
claims , characterized in that the initial concentration of 
the acylating agent in the reaction miixture is above abou^ 

20 4 50 mM, and whereby , preferably , Amoxicillin is prepared . 

22. A process, according tc the preceding claim, 
characterized m thar the concentration of rhe acylating 
agent plus the concentrar ion of /?-lacram. derivative is above 
about 500 mM. 

25 23. A process, according to the preceding claim, 

characterized in that the concentration of the acylating 
agent plus the concentraricn of 2-lacram derivacive is above 
about 650 mM, and whereby, preferably, Ampicillin or 
Cephalexin is prepared. 


preceding claim, 
c-lactam m the 


IS 

24. A process, according to the precedxng ciaira, 

characterized in thar the concenrrarion of the acylating 
agent plus the concenrrat ion of /5-lactam derivative is above 
about 7 00 ml^. 

5 25. A process, according to the preceding claiir., 

characterized in that the initial concentration of the 
acylating agent is above about 700 mM. 

26 . A process , according to any one of the preceding 
claims, characterized in that the reaction is performed at a 

10 temperature in the range from about 0 to about 35 "C, 
preferably above about 10 'C. 

27. A process, according to any one of the preceding 
claims, characterized in that the reaction is performed at a 
pH value in the range from above about 5 through about 7 . 

15 28 - A process, according to any one of the preceding 

claims, characterized in that the starting amino /3-lactam is 
prepared by hydrolysis of penicillin V, penicillin G, 7- 
phenoxyacetamidodesacetoxycephalosporanic acid (V-DCA) , 7- 
phenylacetamidodesacetoxycephalosporanic acid (G-DCA) or 

20 Cephalosporin C or a derivative thereof and, optionally, 
removal of the side chain liberated by the hydrolysis. 

29. A process, according to any one of the preceding 
claims, characterized in that the initial amount of the 
acylating agent in the reaction mixture is above the 

25 solubility of said agent in the reaction mixture. 

30. A process, according to the preceding claim, 
characterized in that the initial amount af the acylating 
agent in the reaction mixture is at least 50% above the 
solubility of said agent in the reaction mixture. 
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^ process, according to any one of the preceding 
claims, characterized m that the initial amount of the 
acylating agent in the reaction mixture is above half cf rhe 
solubility cf said agent plus the initial amount of the ammo 
5 /3-lactami in the reaction m.ixture. 

^ process, according to the preceding claim, 
characterized in that the amount of the acylating agent in 
^ the reaction mixture is above the solubility cf said agent in 
the reaction mixture plus the initial amount of the amino fS- 
10 lactam in the reaction mixture. 

^ process, according to any one cf the preceding 
claims, characterized in that the acylating agent is an amide 

or an ester nnnl-;^ i n i nrr 1 - -J ^-.^v^^v, ^ 

- 33 - ^ w^j.j^wii cAi-oiu^ esuer part:, 

preferably an amide, most preferred an amide wherein the 
15 -CONK2 g^o'JP is unsubstituted . 

^ process, according to any one of the preceding 
claims, characterized in that the enzyme used is from 

Escherichia coli, Acetobact er pastenriRmm Xanthomonas 

^it^ii' Kluwera citroph i 1 Pi or Bacillus meaater i . 

^° ^ process, according to any one of the preceding 

claims, characterized in that the enzyme used may be 
classified as EC 3.5.1.11. 

" P-ocess, according to any one cf the preceding 
claims, characterized m that the enzyme used is able to 


wiy^t: penicix±in 


'^'^ ■ ^ process, according to any one of the preceding 

claims, characterized in that the enzyme used is able to 
hydrolyze Ampicillin. 


2 0 


38. A process, according to any one of the preceding 
claims, characterized in that an enzymatically active 
reusable biological material is used. 

39. A process, according to any one of the preceding 
5 claims, characrerized m rhat the enzy-.a-ic reacrion is 

carried out in an aqueous system, optionally together with an 
organic solvent. 

40. A process, according to any one of the preceding 
claims, characterized m thar the yield of rhe resulting G- 

10 lactam derivative is at leasr abour 90% (mol/mol), based upon 
the total am.ount of ,/5-lactam nucleus, preferably at least 
about 95% (m.ol/mol) . 

4-L. Anv novel feature or novel combination of features 

described herein . 

i5 
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